1. Introduction
===============

In the paediatric and adolescent groups, vesicoureteral reflux (VUR) is a frequent urological anomaly with a prevalence of 1--3% in those with good health ([@b1-epj-09-4145], [@b2-epj-09-4145]). Urinary tract infection (UTI) is the most frequent presenting symptom, as about 31% of children presenting with UTI have VUR ([@b2-epj-09-4145], [@b3-epj-09-4145]). In addition, scarring of the kidney and its subsequent permanent renal damage can occur in 15% of patients ([@b1-epj-09-4145], [@b3-epj-09-4145], [@b4-epj-09-4145]). During the past decades, the management of VUR has been noticeably modified with the aim to prevent renal damage. However, there is no consensus about the timing of using surgical and medical therapies ([@b5-epj-09-4145]). Long-term usage of antibiotic prophylaxis is one of the current options of treatment for these cases, but it still has the risk of renal damage, and patients' compliance to medication is another problem ([@b6-epj-09-4145]--[@b9-epj-09-4145]). Another option is surgical correction by either open or laparoscopic approach. Though these procedures have good success rates, they are not without complications ([@b10-epj-09-4145]). Since the introduction of the sub-ureteral injection of Teflon in 1984, endoscopic management of VUR has become a well-known alternative to the two previously mentioned options ([@b11-epj-09-4145], [@b12-epj-09-4145]). Hence, various implant materials like Teflon, silicon, bovine collagen and many others have been used for this purpose ([@b13-epj-09-4145]). Currently, the most widely-used agent is dextranomer/hyaluronic acid (Dx\\HA) copolymer (Deflux). It is dextranomer microspheres in hyaluronic acid solution. Dx\\HA is biodegradable, non-carcinogenic and non-immunogenic ([@b14-epj-09-4145]). The objective and rationale behind this study was to determine the effectiveness of endoscopic sub-ureteral dextranomer/hyaluronic acid copolymer, via the modified STING procedure for management of patients with VUR, in term of success rate.

2. Material and Methods
=======================

2.1. Study design and participants
----------------------------------

This study was a descriptive case series study. It adopted the standards of GCP and in conformity with the latest revision of the Declaration of Helsinki. In addition, it was approved by institutions review boards and local ethics committees. A total of 61 children, boys or girls, 7 months to 10 years old (mean age 2.6 years) with primary VUR from King Faisal specialist hospital and Bakhsh Hospital in Jeddah-KSA, were enrolled in the period from October 2003 to October 2013.

2.2. Selection criteria
-----------------------

The standard indications for the intervention were progressive renal damage, recurrent urinary tract infection, non-compliance with medications and preference of the parents. Exclusion criteria were children with ectopic ureter who were offered another therapeutic option and children with Von Willebrand disease.

2.3. Data collection
--------------------

The purpose of this study was clearly explained in Arabic language to parents of all subjects attending the institutions before their enrolment to the study, and an informed consent form was signed by parents of all of those enrolled. All children who enrolled to the study were diagnosed as having VUR with the aid of voiding cystourethrograms (VCUG). The operative protocol of the technique was the same for all surgery teams in all institutions, with the child under general anaesthesia, placed in the lithotomy position. All patients received prophylactic parenteral antibiotic before the technique. A paediatric cystoscope was used, according to gender and age, with the bladder filled to about three quarters. Hydrodistention was used for all patients to open the ureteral orifices ([@b15-epj-09-4145]). Sub-mucosal injection of 0.2--1.5 ml of Dx\\HA per ureter within the intramural ureter (modified STING) was done in all cases; according to age and size of the ureteral orifice; until complete coaptation of the ureteral orifice. Prophylactic antibiotics were maintained until resolution of reflux as documented on the post-operative evaluation. Renal and bladder ultrasonography was performed the next day before discharge to detect the presence of hydronephrosis. At 6 weeks, fluoroscopic VCUG was performed for all patients to evaluate the status of presence or absence of VUR.

2.4. Statistical analysis
-------------------------

The primary outcome of this study was the reflux status (correction or failure). Secondary outcomes included occurrence of adverse events as gross hematuria, de novo contra-lateral VUR, flank pain, hydronephrosis, increase serum creatinine, or UTI. The outcomes were analyzed by overall sample. Subgroup analyses were carried out by age group, gender, side, grade and singe-duplex collecting systems. All statistical tests were done using a significance level of 95%. A value of p\<0.05 was considered statistically significant. IBM© SPSS© Statistics version 19 (IBM© Corp., Armonk, NY, USA) was used for the statistical analysis. Data were presented as mean and range for continuous variables and as frequency & percent for categorical variables. Comparisons were done using Pearson Chi square, Fisher's Exact and Cramér's V test.

3. Results
==========

3.1. Baseline characteristics
-----------------------------

In this study, 61 subjects (46 girls and 15 boys) were enrolled and followed up, with average age of 2.6 years and a range from 7 months to 10 years. Forty-two children had a unilateral VUR and 19 bilateral that made a total of 80 refluxing ureters to be treated in all 61 children. Thirty-two ureters (out of the 80 ureters) had lower grades I-III VUR, 34 grade IV and only 14 ureters had grade V VUR. Most of the ureters (76 ureters) had single ureteric units and only 4 were duplicate units. The baseline characteristics of subjects are shown in [Table 1](#t1-epj-09-4145){ref-type="table"}.

3.2. Success rate of the technique
----------------------------------

Reflux was corrected in 44 patients out of 61 (72.13%) and in 60 (75.00%) out of 80 ureteric units. Statistically, there was no significant difference (p=0.587) in success rate of the procedure between the two genders, as shown in [Table 1](#t1-epj-09-4145){ref-type="table"}. The success rate of the procedure did not differ in cases with unilateral vs. bilateral VUR (p=0.293), as shown in [Table 1](#t1-epj-09-4145){ref-type="table"}. The success rate of the procedure was more in lower grades (I--III) of VUR (87.50%) compared to grade IV (73.53%) and grade V (50.00%). The difference is statistically significant, (p=0.025). Statistically, there was no significant (p=0.515) difference in success rate of the procedure according to age group, as shown in [Table 1](#t1-epj-09-4145){ref-type="table"}. Moreover, the success rate was not different (p=0.259) between single ureteric unit vs. duplicate ureteric units, as shown in [Table 1](#t1-epj-09-4145){ref-type="table"}. Repeated injection was required in 5 patients with VUR grades I--III which resulted in complete resolution in all of them. In addition, four patients had intra-operative VCUG. Then, they had another VCUG 6 weeks later. One of these patients showed the presence of the reflux at the later VCUG. The modified STING technique had failed to correct VUR in 17 patients (27.87%) or 20 ureters (25.00%). These cases underwent ureteral re-implantation operation. There have been no complications related to Dx\\HA injection.

4. Discussion
=============

Since the introduction of bulking agents for endoscopic correction of VUR, the spectrum of management of such urological anomaly has been broadened and the technique has become the first-line treatment adopted by most institutions all over the world ([@b14-epj-09-4145]). Several materials have been tried and evaluated as bulking agents during the last three decades. The most important disadvantages of these agents were immunogenicity and particle migration ([@b16-epj-09-4145]--[@b19-epj-09-4145]). However, after the introduction of Dx\\HA by Stenberg and Lackgren ([@b19-epj-09-4145]) in 1995, with its bigger size, the likelihood of particle migration seen in other agents has been decreased significantly. Moreover, Dx\\HA is non-immunogenic, non-carcinogenic and biodegradable ([@b20-epj-09-4145]). The main objective of this current study was to study the effectiveness of endoscopic sub-ureteral Dx\\HA for management of children with VUR in Saudi Arabia in terms of success rate. Our study showed that VUR was corrected in 72.13% of patients and in 75.00% of ureteric units overall, with a higher success rate (87.50%) in the low-grades VUR. The success rate of the procedure was not different according to gender, age group, unilateral vs. bilateral or single ureteric unit vs. duplicate ureteric units. The success rate of the procedure was more in lower grades (I--III) of VUR compared to grade IV and grade V. Repeated injection was required only in 5 patients with success in all of them. There have been no complications related to Dx\\HA injection. The results of this current study are consistent with other studies of Dx\\HA injections. The overall success rate in our study is within that range (68--92%) of other studies with the higher success rates in the lower VUR grades ([@b15-epj-09-4145], [@b21-epj-09-4145]--[@b27-epj-09-4145]). The modified STING technique with the hydrodistention implantation, increased the success rate to 92% compared to the conventional STING procedure (79%) ([@b15-epj-09-4145]). The high efficacy of this endoscopic treatment for VUR, with its low invasiveness, led to many investigators to suggest it as a first-line treatment for these cases especially before surgery ([@b15-epj-09-4145], [@b25-epj-09-4145]--[@b30-epj-09-4145]). Furthermore, the higher success rate in the lower grades VUR made it an important alternative to long-term antibiotic prophylaxis ([@b31-epj-09-4145]). Moreover, similar to results of other published studies in the literature, no adverse effect has been noticed in our series ([@b22-epj-09-4145]--[@b25-epj-09-4145]). One advantage of this current study is being a prospective multi-centre study using Dx\\HA with favourable success rate and with no adverse effects recorded. On the other hand, one limitation of the study is the lack of recurrence data. This is because no follow up data have been collected after the 6 week post-operative care. Another limitation of the study is being single-arm and non-comparative; hence, we recommend doing further RCTs to compare the Dx\\HA to other agents or to surgical re-implantation in our population. However, Dx\\HA is the most studied bulking agent among others.

5. Conclusions
==============

Endoscopic sub-mucosal intra-ureteral implantation with Dx\\HA with the modified STING technique is simple, safe and effective outpatient procedure for the management of VUR. Thus, we recommend it as a first-line treatment for grades up to grade IV VUR.
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Baseline characteristics and success rate of the modified STING technique

  Variables       Number of children   Success rate, n (%)        p -value              
  --------------- -------------------- -------------------------- --------------------- ----------
  Gender          Female               46                         34 (73.91)            0.587
  Male            15                   10 (66.67)                                       
  Side            Unilateral           42                         32 (76.19)            0.293
  Bilateral       19                   12 (63.16)                                       
  Total           61                   44 (72.13)                                       
                                       Number of ureteric units   Success rate, n (%)   p -value
  Age (year)      ≤4                   35                         25 (71.42)            0.515
  \>4             45                   35 (77.78)                                       
  Grade           I--III               32                         28 (87.50)            0.025
  IV              34                   25 (73.53)                                       
  V               14                   7 (50.00)                                        
  Ureteric unit   Single               76                         58 (76.32)            0.259
  Duplicate       4                    2 (50.00)                                        
  Total           80                   60 (75.00)                                       
